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(1) Those in which the blood is charged with a drug which in passing through the central nervous system produces a condition of temporary coma during which the patient is unaware of the painful stimuli that still reach the central nervous system. At the same time all motor stimuli cease to emanate from the brain except those necessary to maintain respiratory and circulatory function. The drug is introduced into the circulation by every conceivable route: by the lungs-by normal respiration or tracheal catheter-by the stomach, by the veins, by the subcutaneous tissues, and even by the rectum and colon.
(2) Those in which the nerves are attacked and the central nervous system, instead of being perfused with a narcotic, is temporarily isolated from painful stimuli by the blocking of the nerves with a drug, generally of the cocaine group. The nerves may be attacked in any part of their course from the spinal cord to their destination.
In their extrathecal courses, the injection of nerves is difficult and uncertain, but their injection in the subarachnoid space is both simple and certain. All the nerves in the body, without exception, traverse this space, so that for a short part of its course every nerve in the body is surrounded by cerebrospinal fluid. My personal view is that in this fluid space lies the future of anaesthesia.
It must at the outset be clearly understood that " spinal " ansesthesia belongs to this second group. There are many misconceptions on this point, arising from the caption "spinal," which leaves the impression that the anmesthetic acts upon the spinal medulla, and, if high enough, on the medulla oblongata. It is certain that nothing of the kind occurs; the injected anesthetic acts upon the nerve roots only, and the true title for this form of ancesthesia is " selective intrathecal nerve block." The reason for the prefix " selective " will now be considered.
If a mixed nerve of the body is bathed with a weak solution of a member of the cocaine group, it is found that the conductivity of the nerve is not abolished in all respects immediately, but the power to convey the different types of stimuli disappear in a certain order. I have found that the following order is followed:
(I) The epicritic fibres are blocked so that the patient, while conscious of deep pressure, is unaware of pain in the area blocked. (2) The fibres of temperature sensation are interrupted. I have noticed in practice that sometimes an operation under nerve block can be carried out with the knife when the diathermy needle causes pain. (3) The sympathetic fibres are interrupted. Use is made of this in injections of the sciatic nerve for trophic or ischtemic ulcerations of the feet, and more recently in White's most ingenious test for the differentiation of spastic from organic arterial defects of the extremities. (4) The motor fibres and fibres conveying deep sensation go last of all.
Thus we see that local anaesthetics have a selective action on an isolated mixed nerve; but in addition to this there are certain anatomical factors which prevail in the subarachnoid space which makes the ancesthetic administered in the theca still more selective:-(1) The subdivision of the theca into imperfect anterior and posterior compartments by the spinal cord, ligamentum denticulatum, and the nerve roots themselves.
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(2) In the posterior compartment lie all the sensory roots of the spinal nerves, and therefore these receive the full effect of an injection made into the posterior compartment.
(3) The sensory root -expands into a flat brush before entering the cord, and so exposes the maximum area to the anesthetic and quickly adsorbs and fixes a great part of it before it reaches the anterior roots. It will be remembered also, that the anterior roots are more compact, as they are not spread out so as to enter the cord along a definite straight line, as in the case of the posterior roots. The difference between the two roots is that of the two usual types of paint brushes, the posterior of the flat type, and the anterior of the pencil type. It is probable that because of this arrangement the posterior roots have a greater absorptive capacity.
(4) I have formed the impression that the motor nerves are of a firmer consistency than the sensory. Especially in the case of the trigeminal has this been observed. This may also diminish the absorptive capacity of the motor roots.
(5) Some' of the roots are much bulkier than others, as in those of the cervical and lumbar enlargements, so that there is often incomplete paralysis of the limbs, while full abdominal relaxation is obtained.
It is thus seen that the term "selective " in connection with intrathecal nerve block is justified on twvo grounds. Firstly, because of the selective action of the anesthetic on the nerve constituents; secondly, because of the anatomical dispositions of the nerve'roots in the theca.
The historical side of spinal anwsthesia is of some interest. It was no less than 45 years ago that Coming of New York first suggested and practised the method of using cocaine.-Bier-in Germany in 1898, and Tuffier in France in 1900, reported their experiences with operations, chiefly below the umbilicus, using intrathecal cocaine in small doses.
It was quickly noticed that the anwsthesia produced by intrathecal cocaine was by no means confined to the lower parts of the body. After a varying interval of time after'rthe injection, it was observed that the anesthesia crept up over the chest, up the arms, over the top of the head, and finally the face was anaesthetized, so that on many-occasions a general anzsthesia was produced when the operation was only for the legs. Payne, following Morton, made practical use of this discovery in America, and in 1902 reported seven operations on the mastoid, middle ear, frontal sinuses and eye performed with intrathecal cocaine anesthesia. Remarkable to say, one of these operations was performed with the patient sitting in a chair. Since these early days of spinal anesthesia, various surgeons have taken up the method, in some cases almost to the total exclusion of other types of anmesthesia.
For instance, Koster -and Wells in America, Delmas and Le Filliatre in France. Le Filliatre' found it particularly valuable in the war in extensive multiple wounds, as two or three surgeons could work unhampered on the same patient at the same time.
The drugs used have changed with the passage of time and, with one exception, have all been of the cocaine group. In 1895 tropacocaine was introduced, in 1904 stovaine was discovered by Fourneau, and Einhorn produced novocain. The tendency in teach case was to reduce the toxicity of the drug, but as a set-off to this it was found that toxicity and ancesthetizing powers seemed to be in direct ratio and as the toxicity was reduced, 'so the effective dose had to be increased. There also seemed to be some dimin-ution in the selective faculty of the drug as a result of the reduction of the toxicity; of all these modifications none equals cocaine in this respect. For this reason there has been a tendency on the part of certain surgeons to revert to cocaine. It is said to be possible with this drug to produce a total anaesthesia of the body without any paralytis at all, and this can be said of none of the others.
" Anhydrous cocaine " is the peculiar title given by Wells to cocaine purified by precipitation from alcoholisolution by ether. The crystals so precipitated are used without further st6tilization and are stated to be freed by this process from a highly toxic substance formed by the deterioration or heat sterilization of cocaine.
The recent addition to local anesthetics-percain-is a new departure, as it is in no way connected chemically with cocaine but is allied to another local anesthetic viz., quinine. It has a toxicity even greater than that of cocaine, but it is a wonderfully powerful local anesthetic and gives an anesthesia of greater duration.
It might be mentioned here that novocain has a proper chemical name, viz., " ethocaine," and for the bewilderment of surgeons and the satisfaction of the manufacturing chemists, masquerades under the following names: neocain, planocain, procain, kerocain, holocain, durocain, spinocain and novutox.
The drug in solution is introduced to the subarachnoid space as a rule, by a fine needle through one of the lumbar spaces. The sacral hiatus has been used intentionally as a route for administering intrathecal ancesthesia. Occasionally it has been unwittingly used while administerinig caudal block, sometimes with fatal results. Dorsal and even cervical injections have been used, and I have on two occasions myself given the anresthetic by cisternal puncture. The drug is dissolved in saline, distilled water, or the cerebrospinal fluid itself, and given in varying strengths. Sometimes a concentrated solution is diluted with cerebrospinal fluid before injection. By some a little air is injected with the fluid to keep away headaches, and by others various stimulants such as adrenalin, caffein and strychnine are injected mixed with the anesthetic solution. Inert substances are sometimes added to alter specific gravity or delay absorption; such are mannitol, starch and magnesium sulphate.
It must be borne in mind that however or wherever injected, the solution only acts on the nerves. The brain and cord substance is protected by its pial covering, and the phrenic nerves-but only up to a certain point-are protected by the selective action of the drug.
The production of total anesthesia of the body by intrathecal injection can be made certain in a number of ways:-(1) By increasing the dose of the drug. Doses of over 500 mg., or 8 gr., of novocain will almost invariably produce total anesthesia, no matter what the strength or specific gravity of the solution used or the point of injection or the position of the patient after injection. The largest dose -injected is recorded by Goetz, who injected no less than 1,200 mg., or 18 gr., without harm resulting.
(2) By increasing the volume of the solution injected. Thus 25 c.c. of 1% novocain will produce a total anesthesia and, strange to say, it is not necessary to withdraw cerebrospinal to make room for this volume of solution. There is a remarkable mechanism for disposing of excess fluid in the subarachnoid space and large quantities of fluid can be injected and absorbed without symptoms of increase of intracranial pressure.
(3) By withdrawing a quantity of cerebrospinal fluid and diluting the anesthetic with this. Thus Koster, for total anesthesia, dissolves 300 mg. novocain in 8 c.c. of cerebrospinal fluid, and for less extensive anesthesia reduces both drug and fluid. Delmas recommends the withdrawal of 50 c.c. of fluid and reinjection with the anaesthetic.
(4) By "barbotage," as first recommended by Le Filliatre. This consists of injecting part of the anesthetic solution and then withdrawing cerehrospinal fluid and repeating this process several times. There is thus a churning up of the cerebrospinal fluid and the ancesthetic is distributed far and wide.
(5) By increasing the force of the injection. This undoubtedly has great effect.
(6) By altering the direction of the injection in an upward direction (Wells).
(7) By making the injection at a higher level. Jonnesco first recommended this and described the production of zones of anaesthesia by injection of small quantities of anaesthetic at the level required for -the operation.
(8) By using cocaine, whereby total anesthesia can be gained even with minimal doses, it being necessary only to use larger does, to secure greater duration of aniesthesia.
(9) By using a solution of a different specific gravity from the cerebrospinal fluid and distributing the fluid after injection by placing the patient in a suitable position. Sometimes the solution is made less diffusible by adding a viscous substance to it, such as starch, so that it will obey the laws of gravity rather than those of diffusion. The addition of these substances seems to create a disproportionate increase in the cost of the anaesthesia. I have been unable to satisfy myself that this method of securing general anmesthesia is of much value compared with the previous eight methods. In a very effective injection it sometimes happens that the central nervous system is so effectively cut off tbat the patient goes to sleep or even becomes unconscious for a time.
The disadvantages of spinal anaesthesia make a formidable list, but there are methods of overcoming most of them and, moreover, many of them are of such great rarity as to be of little importance. I will try to give them in their order of importance:
(A) During an6esthesia: (1) Death is associated with all anaesthetics, even with nitrous oxide and resuscitants like carbon dioxide. But we are all most anxious to avoid the death on the table because it is so tragic and because of the inquiry that follows it. A patient may aspirate his vomit through being left unattended and die a month later from an abscess in his lung, but the anesthetist will not suffer the inconvenience and loss of reputation which follows an operative death from unforeseen and unforeseeable coronary atheroma. I have had one death on the table in a boy who had little hope of life as he was suffering from a terminal infection of ascites. In Koster's series of 6,000 cases, only six deaths occurred and of these only two could have been regarded as those of healthy individuals taken away in the prime of life,; the remaining four were all desperately ill. Spinal anaesthesia has earned an evil reputation for sudden death because by many it is only used occasionally for those patients whom they regard as too ill for a general anaesthesia. Such patients are prone to die and such surgeons not to know the few essentials necessary to make the patient safe.
To prevent death the head-down position must be m-aintained till the anaesthesia has worn off, and intravenous or intracardiac adrenalin used for collapse or death as the case may be. In intravenous adrenalin one has such a wonderful restorative that I always feel that I have my patient safe when he is under a spinal anaesthetic. There is no such certain antidote in general anaesthesia.
(2) The nervous strain on the patient may be considerable but is a variable factor. This may be allayed, when necessary, by hypnotics like morphine and nembutal, but I am disinclined to multiply the drugs that a patient receives. It is no uncommon thing for as many as six separate drugs to be administered nowadays to secure anaesthesia.
(3) Fall in blood-pressure is dreaded by some and welcomed by others. It can be combated by intramuscular adrenalin or ephedrine, given as a preventive measure, or by intravenous adrenalin given after the fall has occurred. With experience one comes to ignore this fall as not dangerous and even as valuable for rendering operating clean and bloodless.
(4) Vomiting is a most annoying thing to patient and surgeon. It always seems worst when one is performing rough gastric or duodenal manipulations. It also seems to be associated with t-he fall in blood pressure. It can be kept down by pre-operative hypnotic inhalations of oxygen, and Labat likes to apply cold water and ice to the forehead and nape of the neck for this purpose. Most important of preventives is to abstain from intra-peritoneal manipulations till the patient is fully anesthetized, and to abstain from rough handling in the vagus nerve area.
(5) Shallow and slow respiration may be worrying, and occasionally the patient feels that he cannot breathe and is upset because he cannot talk. The colour, however, remains excellent and there is little cause for worry. The slowest Section of Anasthetics 617 respiration I have encountered is six per minute; the patient was asleep and I did not care to wake her up to tell her to breathe faster.
(6) Inadequate duration is a great disadvantage in long operations on the upper abdomen.
(B) Post-operative.-(1) Headache is a most variable complication and always greatly exaggerated by that opponent of innovations-the nursing sister. It is generally easily controlled. I have rarely had a case of the fierce headache for which lumbar puncture and intravenous hypertonics are necessary.
(2) Vomiting is much less than after other aneasthesias and is generally due to the type of operation rather than to the anesthetic.
(3) Backache is of the type one would expect from muscular relaxation on a metal (4) Profound damage to nervous tissue producing paraplegia, hemiplegia, anterior poliomyelitis, etc., are almost unknown nowadays.
(5) Temporary or permanent paralysis of certain nerves, such as the pudic nerves and the abducens. This I have never encountered; it is said to be more common with stovaine anesthesia. Temporary blindness of five days' duration has been reported in high spinal anaesthesia with cocaine.
(6) Meningitis is exceptionally rare; meningismus is occasionally encountered. I have had one case of diplococcal meningitis occurring twelve days after a spinal anaesthetic, given during a hospital epidemic of this disease.
(7) Psychic changes following operation are extremely uncommon (such as neurasthenia, sexual impotence, hypochondriacism, etc.).
The advantages of spinal ana3sthesia are numerous.
(1) It saves lives in certain conditions: (a) In the case of a surgeon who is unable to obtain the assistance of good anesthetists. The most dexterous surgeons have the most skilful anesthetists who give abdominal relaxation to the patient and mental relaxation to the surgeon. The surgeon most in need of help gets the least. (b) In certain conditions, such as operationis entailing much shock, or in intestinal obstruction, it is a real life saver. Some surgeons add spinal to general ane,sthesia to prevent shock, but of all forms of combined anaesthesia, this is surely the most unnecessary and dangerous. iThe fall of blood-pressure with intrathecal anaTsthesia is sometimes confused with shock, but this is due to ignorance of the true nature of the condition.
(2) It is preferred by the patient in many cases, and in none more than that of the patient writhing with the pain of a duodenal perforation. He never forgets the surgeon who stopped his pain in thirty seconds. I could multiply the number of low operations for which I prefer it, but time does not allow. For the high operations I prefer it to general anaesthesia in the following conditions:-(i) Thoracotomy. Here it is an ideal anesthetic, the quiet opening of the pleural cavity thus secured is a great advantage. I use it for all empyemata, operations on the lungs, aesophagus and pericardium. In thoracoplasty the reduction in bleeding is a satisfactory feature.
(ii) For dissections of the neck it is an excellent anaesthesia, minimizing the bleeding and giving good relaxation of the muscular structures. Ligation of the jugular vein does not seem to disturb the patient in any way.
(iii) For operations in the upper abdomen, cholecystectomy, gastrectomy, and above all, for splenectomy, it makes for easy operations.
(iv) For operations on the arm and hand, anaesthesia with preservation of vo untary movement of muiseles is an obvious advantage in many cases.
(v) In operations on the thyroid, the reduction in bleeding is a welcome aid, as is the freedom from bloating of the -tissues with local infiltration.
(vi) For operations on the mastoid region it is useful and may make for greater gentleness in an operation often roughly performed. The facial nerve seems to be a little safer with this form of anaesthesia.
(vii) For operations on the eyes. It is said to be very good for squint operations, as the patient cooperates in the correction of the deviation.
(viii) For craniotomies it is of value, provided that increased intracranial pressure does not preclude lumbar puncture.
In conclusion, spinal anasthesia is a helpful anesthesia to the surgeon who needs most help. It is a regular and uniform mode of anesthesia; the technique is easily acquired, and above all, with a few precautions, it is safe and an antidote is always at hand. In certain conditions it is the means of saving many lives and in others of preventing much suffering. In cases of threatening gangrene it gives the diagnosis of the cause, and enables the surgeon to decide between sympathectomy and amputation.
The contra-indications are only three in number (1) Increased subarachnoid pressure.
(2) Septic conditions of the spinal column itself.
(3) Perforations of the small and large intestines.
The extension of the method to the upper part of the body followed automatically when it was found that in about 30% of the cases having abdominal operations there was a total anasthesia of the body, and when it was realized that the upper abdomen has a cranial and cervical sensory nerve supply. Many different. and certain methods of securing total anesthesia have been devised and one method-Jonnesco's-of anaesthetizing any part of the body.
Spinal antesthesia is, like other forms of anesthesia, still short of perfection, but at the present time we are in possession of drugs which perform for us a chemical dissection of the nerves. It is not too much to hope that the future holds an even more perfect selective local anasthetic.
I can see the patient in, the future being operated upon in full consciousness, while his central nervous system floats in an ambient bath of dilute innocuous local anaesthetic shutting off only pain from his perception.
Discussion.-Dr. A. L. FLEMMING said that due prominence should be given to Mr. Dickson Wright's doctrine " that a patient who was too ill for a general anesthetic was not a fit subject for spinal anmesthesia," because a clear understanding upon this point would dispel difficulties which were apt to occur between surgeon and anesthetist. The mortality risk of 1 in 1,000, or even 1 in 3,000, was higher than an experienced administrator would expect with inhalation anasthesia, in his own practice, even with unselected cases.
Sir FRANCIS SHIPWAY said he had been much surprised some months ago to hear from Mr. Dickson Wright that he preferred spinal anesthesia for surgery of the chest and for operations even on the neck or ear. His own impression had been that since Jonnesco's demonstration in this country many years ago, spinal anesthesia had been condemned for surgery above the diaphragm, but the line of reasoning and the results given in Mr. Dickson Wright's paper had convinced him that the whole question of anaesthesia had been reopened and that it was necessary to look afresh at the problem and consider how far spinal could replace general anesthesia. He had himself used spinal anesthesia for many years for genito-urinary operations on elderly and old people and h'd been very satisfied with it, but had never ventured to use it for operations above the disaphragm. He had substituted novocain for stovaine with improved results. There were mnany points in the paper which he would like to discuss, but one in particular he would ask Mr. Dickson Wright to consider. He had said that he fouand the lessened bleeding an advantage; had he had any trouble from reactionary hemorrhage, and -if so, could he say what steps he took to avoid it ?
Mr. HOWARD JONES: Some theories relating to detail in method of administration mentioned by Mr. Dickson Wright are not above criticism. Is it possible to imagine that 2 c.c. or 3 c.c. of solution injected with force against the leash of nerve trunks of the cauda equina results in novocain being projected any distance up the canal? 18 c.c. of solution injected as forcibly as a fine needle will allow, will not go further than if injected slowly. The direction of the point of the needle must always be near a right angle to the dura in the lumbar region, and even if it could be directed upwards, the effect would be negligible. A sufficiently large dose of novocain will always find its way to the neck in the Trendelenburg position. The old theory that the disposition of injected substances may be influenced by the anatomical arrangement of the ligaments, resulting in an anterior or posterior passage of solution according to the situation of the point of the needle, is now definitely disproved.
By posturing the patient after injecting large volume hypobaric solutions, anterior or posterior roots may be affected at will, and unilateral effect on both is obtained on the side, a result of considerable importance, since the upper affected side is at the disposal of the surgeon. The heavy solutions always produce a predominant posterior root block in the dorsal decubitus. Considering first the amount of drug injected, it is necessary to remember that absorption from the subarachnoid space is only second in effectiveness and rapidity to direct intravenous injection.
Three gradations of results are recognized. First a subarachnoid regional nerve root block, variable in extent according to the amount of drug available for gravitational diffusion, which in the horizontal position is limited also by the curve of the spine; next, with increasing dose a state of universal analgesia (Gwathmey), and-finally general aniesthesia due to the drug circulating in the blood.
Mr. Dickson Wright has emDphasized the fact that the medullary centres can be reached only through the blood, and according to the general rule the higher centres go first. The graduated effect on nerve fibres, from the sensory to -the motor, is well recognized. The spine may be injected to any extent if the solution is dilute enough to have a selective action on sensory fibres only, but the resulting analgesia may not be prolonged enough for a long operation. Jonnesco's puncture between Dl and D2 will probably come in again. A small volume of stronger solution would then suffice, and paralysis of the phrenics.should not nmatter, unless the chest was rigid. A limited thoracic nerve-root block can now be obtained with certainty in the adult. A hypobaric solution and a tape measure are necessary. Measurements from the inter-iliac line to the seventh cervical spine, in full flexion, vary between 16 and 22 in., and both shorter and longer probably exist. All that is required is to know whether the spine is short, medium, or long, and then inject a proportionate volume of solution. The neglect of this precaution has resulted in paralysed cervical motor roots, and the 1 in 1,500 percaine solution must not be injected up to the neck. 1 % novocain dissolved in 0 25% saline may bje used for this limited block, and the strength may be increased in proportion to the faith of the user in the non-toxicity of this drug. When higher percentage of novocain is used sodium chloride must be left out to the vanishing point if the hypobaric character of the solution is to be maintained. The volume dosage is the same. There will be more collapse with novocain than with percaine because of the greater blood absorption from the more concentrated solution, and the duration of analgesia will not be so long.
Mr. CHARLES DONALD said that he shared Mr. Dickson Wright's preference for novocain and its synonyms. From an extensive experience, in which careful notes and experiments had been made, he believed that the only factor which influenced the extent of analgesia to any great extent was the dosage of the drug, and that the waywardness of action which sometimes occurred was dependent on some individual factor not yet explained. Such waywardness leading to extensive analgesia was not serious if ordinary care were taken. The only positive claim he could endorse for spinocaine was a slower absorption of its novocain due to the viscous vehicle, and he had given up to 400 mgm. of novocain in this form without ill effect. He had had excellent results with strychnine-free durocaine, a compound very similar to spinocaine. He doubted if ephedrine and adrenalin were prophylactics to falls in blood pressure. The greatest safety factor was maintenance of the head-down position and too rapid a return to the horizontal at the end of operation should be guarded against, especially in the old and gravely ill, when compensation was not likely to occur quickly. The dangers of spinal analgesia had been greatly exaggerated, and were due to its injudicious use and to lack of appreciation of the necessary care after administration.
Dr. C. LANGTON HEWER said that in his opinion the essential feature of any newlmethod of ansesthesia or analgesia must be safety. Whilst it was academically interesting to hear Mr. Dickson Wright's technique of high spinal block for such operations as thoracoplasty, thyroidectomy and excision of glands in the neck, yet it was extremely doubtful whether it could compare in safety with well-tried methods of general anvesthesia, and until there was evidence to show that it could do so its general adoption would seem to be unjustified.
The simultaneous opening of both pleural cavities under high spinal analgesia, described by Mr. Dickson Wright, appeared to be extremely dangerous, as, unless positive pressure was applied through a facepiece or intubation tube, death would inevitably ensue within a few minutes.
Referring to spinal analgesia for operations below the diaphragm, he (Dr. Hewer) had been quite convinced of the superiority of percaine to novocain or stovaine, with regard both to low toxicity and duration of analgesia.
Mr. DICKSON WRIGHT said, in reply to Sir Francis Shipway, that he had not experienced any trouble from haematoma formation as a result of the use of spinal aniesthesia. In certain cases where it was essential to secure a very perfect hoemostasis as in undrained amputation stumps it was his custom before suturing the wound to administer 2 minims of adrenalin intravenously with the result that every vessel that could possibly do so spurted vigorously and a more perfectly dry wound was obtained than with other types of anesthesia.
In reply to Mr. Howard Jones: he had tried percain but some untoward happenings had made him give it up for the present. It certainly would not be a safe anssthetic for high operations.
Mr. Donald spoke with the authority of one who had considerable experience in this form of anmesthesia, but the statement that such well-tried substances as adrenalin and ephedrine when injected intramuscularly had no effect on the blood-pressure could not pass without emphatic contradiction. Dr. Langton Hewer's figures were much better than those usually prevailing; such perfection in general anesthesia was denied except to a select few. Spinal anmesthesia was easy of administration and therefore available to all, but efficient nitrous oxide anpesthesia was difficult to obtain and there did not seem at present to be skilled administrators in sufficient numbers to meet the needs of surgeons.
